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Abstract
Sugarcane bagasse was used as a carrier to immobilize Saccharomyces cerevisiae in bioethanol production. This
research aims to study the potential use of sugarcane bagasse as an alternative carrier for cell immobilization and
improvement in the production process of cell immobilization in bagasse. The results showed that the physical
characteristics of sugarcane bagasse as a carrier were water content (7.77 ± 0.35%), water retention (4.80 ± 0.44 g/g),
water absorption index (8.58 ± 0.22 g/g), and lignin content (24.40 ± 1.52 %). Determination of cell retention was
performed in an inoculum volume of 50 mL yeast suspension with various carrier weights (2.5, 5, 10, and 20 g). The
highest cell retention was obtained in ratio of 2.5 g carrier/50 mL cell suspension with cell retention of 5.41 ± 1.06
mg/g, or known as biocatalyst. Biocatalyst, as much as 1.5, 3, 4.5, and 6 g, were used as inoculum for a 24 hour
bioethanol fermentation. The best concentration and productivity of bioethanol, obtained by using 3 g of biocatalyst,
were 23.95 ± 0.28 g/L and 1.24 ± 0.01 g/L/hours. The average of bioethanol yield for a 24 hour fermentation by using
immobilized cells was three times higher than the free cells system.

Abstrak
Bagas sebagai Carrier untuk Imobilisasi Saccharomyces cerevisiae pada Produksi Bioetanol. Bagas digunakan
sebagai carrier untuk imobilisasi pada produksi bioetanol. Penelitian bertujuan untuk mengetahui potensi penggunaan
bagas sebagai carrier alternatif untuk imobilisasi sel dan perbaikan proses pembuatan imobilisasi sel pada bagas. Hasil
penelitian menunjukkan bahwa karakteristik fisik yang dimiliki bagas sebagai carrier yaitu kadar air (7,77 ± 0,35%),
retensi air (4,80 ± 0,44 g/g), indeks penyerapan air (8,58 ± 0,22 g/g), dan kadar lignin (24,40 ± 1,52%). Pengukuran
retensi sel dilakukan pada variasi berat carrier (2,5, 5, 10, dan 20 g) dengan volume inokulum sebanyak 50 mL suspensi
sel. Retensi sel tertinggi, diperoleh pada perbandingan 2,5 g carrier/50 mL suspensi sel, yaitu 5,41 ± 1,06 mg/g dan
disebut sebagai biokatalis. Biokatalis sebanyak 1,5; 3; 4,5; dan 6 g digunakan sebagai inokulum untuk fermentasi
bioetanol selama 24 jam. Konsentrasi dan produktivitas bioetanol terbaik menggunakan 3 g biokatalis yaitu 23,95 ±
0,28 g/L dan 1,24 ± 0,01 g/L/jam. Rendemen bioetanol selama 24 jam fermentasi menggunakan sel terimobilisasi
adalah tiga kali lebih tinggi dibandingan dengan sel bebas.
Keywords: adsorption, fermentation, immobilization, lignocellulosic biomass, water retention

current bioethanol research is mostly focused on reducing
the costs of production and improving feedstock pretreatment, saccharification, and the fermentation process
[4]. Immobilized cell technology has been recommended
as an alternative and an effective method for improving
bioethanol fermentation [5-7]. Immobilized cell can
improve the productivity of bioethanol by two or three
times by increasing the cell density [8]. Bioethanol

1. Introduction
The energy demand for transportation fuels is constantly
increasing. Bioethanol is considered as an alternative
energy due to its practicality, especially in combination
with petroleum gasoline for engines [1,2]. Bioethanol is
produced in a fermentation process where yeast metabolizes sugar to ethanol and carbon dioxide [2,3]. The
73
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productivity using immobilized cell was 2.24 times
higher than that of the free cells with an initial sugar
concentration of 200 g/L [9].
Yeast cell immobilization by adsorption on lignocellulosic
biomass was considered to be more reasonable than cell
entrapment within a porous matrix. According to Escobar
et al. [10], cells immobilization using adsorption method
could occur through three mechanisms: 1) The formation
of cell aggregate, 2) The adsorption on a solid surface
by covalent, ionic, hydrogen bondings, and hydrofobic
interactions between cell and carrier, 3) The adsorption
in the cavities of carrier and colony formation in pores.
The advantages of lignocellulosic biomass as a carrier
for immobilization are easy to use, inexpensive, abundantly
available in nature, high porosity [6], less toxic, and
high mechanical strength [11]. Many reports have
suggested various immobilization carriers for bioethanol
fermentation, such as sorghum bagasse [9,12], orange
peel [13], rice hulls [14], corn cobs [15], sugar beet pulp
[16], palm pressed fiber [17], cork (Sonneratia caseolaris)
root [18], and sugarcane bagasse [8].
Sugarcane bagasse, a residue obtained after crushing the
sugarcane, is a renewable and low cost lignocellulosic
biomass. In 2010, the production of sugarcane bagasse
in Indonesia was about 2.9 million tons per year [19].
Several alternatives for sugarcane bagasse utilization have
been developed, such as animal feed [20], bioethanol
feedstock [21-23], and carrier for immobilization [5,8].
The use of sugarcane bagasse as a carrier for immobilization was reported by Singh et al. [8]. However, there
has been no complete information about the physical
characteristics of sugarcane bagasse, such as water
retention properties and water absorption index.
Information about the making process of cell
immobilization on sugarcane bagasse and its use in
bioethanol fermentation was also limited [5,8]. The ratio
between the weight of sugarcane bagasse with the
inoculum volume of Saccharomyces cerevisiae in the
process of cell immobilization and the percentage of
biocatalyst to the volume of fermentation medium are
very important to understand. It aims to facilitate the
cell adhesion and to scale up the process and the
production of bioethanol [14]. This paper describes the
potential use of sugarcane bagasse as an alternative
carrier for cell immobilization and improvement in the
production process of cell immobilization in bagasse.

2. Methods
Raw material. Sugarcane bagasse was obtained from
Rajawali II sugar factory, Pasir Bungur, Subang, West
Java, Indonesia. Biomass with 1-2 cm in length were
washed with tap water until the wash water was clean
and colorless [8]. After that, the biomass was air-dried
Makara J. Technol.

and kept in a desiccators at room temperature. Prior to
its use as a carrier, the lignin content, water content
(W), water retention (H), and water absorption index
(WAI) of biomass were analyzed. The lignin content
was calculated according to NREL/TP-510-42618 [24].
The water content (W) was determined by drying at 105
°C until the constant weight was reached. Determination
of the water retention was conducted according to
Vucurovic & Razmovski [16] that was modified by
placing an amount of 2.67 g of the dry mass of
sugarcane bagasse into the jar bottle containing 100 mL
of distilled water and kept at room temperature for 24
hours. The water retention (H) was calculated as the
grams of water retained per grams of the dry mass
carrier. WAI was determined according to Mussatto
[25] and calculated as grams of the wet mass of the
remaining carrier per grams of the dry mass carrier.
Microorganism and mediums. Yeast Saccharomyces
cerevisiae, obtained from the microbiology laboratory
of the Research Center for Biology, Indonesian Institute
of Science (LIPI), mantained yeast extract peptone
dextrose (YEPD) agar slant. The YEPD medium content
(g/L): glucose, 20; yeast extract, 10; peptone, 20; agar,
25 [26]. The culture was stored at 4 °C and sub-cultured
every 2 week.
Inoculum preparation for yeast biomass production.
One to two loop of 48 hours. cerevisiae was inoculated
into 30 mL starter medium [27] containing (g/L): glucose,
10; yeast extract, 3; peptone, 3.5; KH2PO4, 1; MgSO4.
7H2O, 1; (NH4)2SO4, 1; in 100 mL Erlenmeyer flask.
The medium was adjusted to a pH 5 before sterilization.
The flask was incubated in a rotary shaker (120 rpm) for
24 hours at room temperature (30 ± 2 °C). At the end of
the incubation period, the starter culture was inoculated
into the 270 mL production medium in 500 mL
Erlenmeyer flask [27] and then incubated under the
same condition. After 24 hours, the cells were centrifuged
aseptically at 3000 rpm for 10 minutes. One hundred
milligrams of cells (dry weight) were resuspended in 50
mL sterilized 0.9% NaCl to obtain the initial biomass
used for cell immobilization.
Immobilization. Sugarcane bagasse as much as 2.5, 5,
10, and 20 g were hydrated by modifying the method
according to Vurovic & Razmovski [15], decanted,
autoclaved at 121 °C for 15 minutes and then mixed
with 50 mL yeast suspension in flask. The mixture was
incubated at room temperature (30 ± 2 °C) on rotary
shaker (120 rpm) for 24 hour [6]. After the
immobilization of the cells, biocatalyst (carrier that
containing cells) was washed with 100 mL sterilized
with distilled water, decanted, and then the cell retention
was measured [8].
Evaluation of immobilization parameters. Cell
retention of the carrier (R) was calculated as the ratio of
April 2016 | Vol. 20 | No. 2
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the dry mass of immobilized cells in the carrier to the
dry mass of the carrier. The concentration of
immobilized cells (Xi) was calculated as grams of dry
mass of immobilized cells in the carrier per liters of the
fermentation medium volume. The concentration of free
cells (Xf) was calculated as the ratio of dry mass of free
cells to the fermentation medium volume. The
immobilization efficiency (Y) was calculated as the
ratio of Xi to the total (free and immobilized) cells
concentration and multiplied by 100 [16].
Electron microscopic scanning. The micrograph of the
biocatalysts (after washed two times with 10 mL of
distilled water and air-dried for 24 hours) was obtained
by scanning the electron microscopy (SEM)(FE-SEM
FEI INSPECT F50). The dried samples were fixed on a
specimen holder with tape and then sputtered with gold
in sputter-coater under high vacuum condition. Each
sample was examined at 4000-fold magnification.
Fermentation. In batch fermentation, a 300 mL of
working volume of modified Nikolic medium [27]
containing (g/L) glucose, 100; yeast extract, 3; peptone,
3.5; KH2PO4, 2;MgSO4.7H2O, 2; (NH4)2SO4, 1; ZnSO4.
7H2O, 0.3; pH 5 was inoculated with 0.5, 1, 1.5, and 2%
(w/v) of biocatalyst in a 500 mL Erlenmeyer flask and
covered by bubble traps. The flask was incubated at
room temperature (30 ± 2 °C) for 24 hours. Samples
were taken at specified time intervals and then analyzed.
Analytical methods. Samples were analyzed for
ethanol, sugar, and yeast biomass. The ethanol content
was measured by using Shimadzu GC 14B gas
chromatography with a carbowax 20M column and a
flame ionization detector. Sugar reduction was
determined using the Somogyi-Nelson method [28].
Yeast biomass was determined according to NREL/TP510-42630 [29] on the absorbance at 600 nm with a
UV-visible spectrophotometer and converted to dry cell
weight on a standard curve.
Evaluation of fermentation parameters. The bioethanol
volumetric productivity (QP) was calculated as the ratio
of bioethanol concentration (g/L) at the end of the
fermentation time (hours). The ethanol yield (Yp/s) was
calculated as the amount of grams of bioethanol produced
per grams of consumed sugar. Sugar consumption was
calculated as the ratio of the amount of sugar used to the
initial amount and multiplied by 100. The efficiency of
sugar conversion to bioethanol (Ep/s) was estimated by
the ratio of bioethanol yield to the theoretical value of
bioethanol yield (0.51 g/g) [8].
Statistical analysis. All experiments were conducted in
triplicates and analyzed for statistical significance by
analysis of variance (ANOVA). A 5% probability level
(ρ = 0.05) was used to accept or reject the null
hypothesis.
Makara J. Technol.

3. Results and Discussion
Physical properties of sugarcane bagasse. The surface
characteristics of the carrier, such as water content,
water retention, water absorption index, and lignin
content are the main factors that influence the efficiency
of adsorption, the characteristics of immobilized yeast
cells, and the productivity of product [6,12]. The
physical characteristics of sugarcane bagasse as a carrier
for immobilized yeast cells are shown in Table 1. The
growth of microorganisms in the carrier depends on the
availability of the water content. The initial water
content of sugarcane bagasse was 7.77 ± 0.35% (w/w).
After adding 100 ml of distilled water and maintaining
it for 24 hours, the water content of the carrier increased
to 84.27 ± 1.38% (w/w). Another research reported that
the initial water content of the maize stem ground tissue
was 12.45% (w/w) and after the hydration process, the
water content increased to 97.34% (w/w) [6].
Comparing the increase in percentage of the water
content between the sugarcane bagasse and maize stem
ground tissue, the results were approximately 985% and
682%, respectively. This indicates that the ability of the
sugarcane bagasse to absorb water is higher than the
maize stem ground tissue after the hydration process.
Another report showed that the water content of
hydrated fresh pressed sugar beet pulp and dried sugar
beet pulp were 93.16 ± 0.04% and 93.13 ± 0.06% [16].
The water content of the sugar beet pulp was higher
than the sugarcane bagasse. Nevertheless, the water
content of the sugarcane bagasse is still in the range of
water content in the solid-state fermentation system. For
the microorganisms, the optimal water content
requirement varies between 30-80% (w/w) [30].
Water retention was calculated as the ratio of water
mass to the dry mass of the carrier after soaking for 24
hours. The value of water retention indicates the
hydrophilic properties of materials [6,16]. The water
retention of the sugarcane bagasse as a carrier was 4.80
± 0.44 g/g, indicating that the materials are more
hydrophilic than maize stem ground tissue. Water
retention of maize stem ground tissue was 0.85 g/g.
Materials with higher water retention indicates an
ability to absorb more water [6]. The lignin content of
sugarcane bagasse in this study was 24.40 ± 1.52%.
Generally, the lignin content of lignocellulosic biomass
was about 15-40% [19]. Lignocellulosic biomass is
composed of cellulose, hemicelluloses, lignin, extractive,
and inorganic materials. The cellulose chain is bound by
hydrogen bonds and called micro fibril. These micro
fibrils are attached to each other by hemicelluloses and
covered by lignin [31]. The lower the lignin content of
the lignocellulosic biomass, the easier it will be for cells
to immobilize. Genisheva et al. [15] mentioned that
specific regions, such as cellulose on a natural carrier,
were more preferable for yeast as a site to adhere to than
a smooth structure. Cellulose component covered by
April 2016 | Vol. 20 | No. 2

76 Anita, et al.

lignin causes the cell wall to appear smoother [12]. WAI
indicates the quantity of water that can be absorbed by
materials. WAI of sugarcane bagasse is 8.58 ± 0.21 g/g
and is higher compared to other materials (Table 2).
Materials with high WAI are preferable as a carrier for
cell immobilization, as they support the growth and
development of cell microorganism [16,25].

by using 2.5 g and 5 g of sugarcane bagasse were 5.41 ±
1.06 and 4.10 ± 0.59 mg/g, respectively and no
significant statistical difference between them existed (ρ
>0.05). Basically, the dry cell weight at 10 and 20 g of
the carrier were not much different from the dry cell
weight of 5 g of the carrier. However, the cell retention
values were lower and significantly different.

Immobilization of yeast cells to sugarcane bagasse.
The process of cell immobilization in lignocellulosic
biomass was carried out by incubating the cells for 24
hours in a hydrated carrier. It aimed to allow the cells to
adsorb into the carrier. The surface structure of the
sugarcane bagasse and the immobilized yeast that
adhered to the carrier are shown in Figure 1. The picture
indicated that characteristics of the sugarcane bagasse
surface were rough enough and have some pores. After
the immobilization process, the pores were used for
cells to attach and form colonies so that the surface of
the sugarcane bagasse was covered by Saccharomyces
cerevisiae.

This explains that 10 g and 20 g of the carrier can
absorb more than 50 mL cells suspension. In this study,
2.5 g of the sugarcane bagasse was used as a carrier to
absorb 50 mL cells suspension, or known as biocatalyst.
This was because a higher cell density inside the carrier
can certainty cause an increase of sugar consumption,
ethanol productivity, and ethanol yield [17]. The best ratio
between the carrier and the volume of cell suspension

Saccharomyces cerevisiae cells that covered the carrier
were not only due to the characteristics of the sugar
cane bagase surface but also because of the high value
of its water retention. The efficiency of cell adhesion on
the surface of the carrier was influenced by the
characteristics of the carrier, the value of water
retention, and the interaction between cells and carrier
[6]. Interactions between cells and carrier could occur
due to the presence of covalent bonding, ionic,
hydrogen, and hydrophobic interactions [10]. The effect
of the ratio of dry mass immobilized cells to the dry
mass of the carrier was measured as cell retention and
shown in Table 3. Calculation of cell retention in the
carrier was conducted to determine the maximum
weight of the sugarcane bagasse as a carrier that can
absorb 50 mL cells suspension. Maximum cell retention,
Table 1. The Physical Properties of Sugarcane Bagasse
Parameters
Carrier (sugarcane bagasse)
Water content (W) (%)
7.77 ± 0.35a
Water content of hydrated carrier (%)
84.27 ± 1.38a
Water retention (H) (g/g)
4.80 ± 0.44
Lignin content (%)
24.40 ± 1.52
Water absorption index (WAI) (g/g)
8.58 ± 0.21
a

Composition percentages are on wet-weight basis.

Table 2. The Water Absorption Index (WAI) for
Different Lignocellulosic Biomass used as Cell
Immobilization Carrier
Immobilization Carrier
Corn cobs
Sugar beet pulp
Dried sugar beet pulp
Loofa sponge
Coffee husk
Sugarcane bagasse

Makara J. Technol.

Water Absorption Index (g/g)
3.77
6.59
6.60
7.76
8.30
8.58

A
Pore

Pore

B

Yeast cell

Yeast cell

Figure 1. Scanning Electron Micrograph (4000x) of (a)
Sugarcane Baggasse and (b) Cells that Adhere
to the Surface of Sugarcane Bagasse after
Immobilization

Table 3. Cell Retention on Various Weight of Carrier

Weight of Cell Retention
Inoculum Weight of
immobilized (mg DCW/g
volume (mL) carrier (g)
cells (mg)
DSW)
50
2.5
13.69 ± 2.55 5.41 ± 1.06a
50
5
22.08 ± 3.06 4.10 ± 0.59a
50
10
24.72 ± 0.63 2.46 ± 0.06b
50
20
19.86 ± 3.41
0.99±0.17b
April 2016 | Vol. 20 | No. 2

obtained in this research was 1:20 (w/v). This value was
more efficient compared to other studies such as ratio
sorghum bagasse:cell (1:2) [9], orange peel:cell (1:4)
[13], and rice hull:cell (1:10) [14].
Fermentation using immobilized yeast. Biocatalyst
1.5, 3, 4.5, and 6 g that is equivalent with 0.5;1;1.5; and
2% (w/v) were used as an inoculum to determine the
quantity of biocatalyst that is appropriate for
fermentation. Figure 2a. presents the concentration of
free cells during 24 hour fermentation. We can see that
the concentration of free cells was lower at the highest
weight of biocatalyst used (6 g). This corresponded to
the concentration of immobilized cells seen in Figure
2b.
A biocatalyst with lower concentration of free cells
gives the highest concentration of immobilized cells.
The maximum concentration of immobilized cells was
3.56 ± 1.65 mg/mL using 6 g of biocatalyst for a 15
hour fermentation. In this study, the fermentation
system was under microaerophilic conditions (not fully
under anaerobic conditions). This causes the sugar to
convert not only to the production of ethanol but also to
increase the quantity of biomass during the fermentation
process. Larger quantities of biocatalyst used provide
more space for cells to adsorb, so that the concentration
of immobilized in the carrier increase and the
concentration of free cells in the medium decrease.
Fewer biocatalysts demonstrated the opposite.
Efficiency of immobilization is indicated in the
percentage of the concentration of immobilized cells to
the total number of cells in the fermentation system
[16]. The highest efficiency of the immobilization
process was obtained in the use of 6 g of biocatalyst for
a 21 hour fermentation i.e. 98.76 ± 0.99%. However, the
value was statistically the same (ρ> 0.05) with 98.58 ±
0.37% that was gained from the use of 3 g of biocatalyst
using the same amount of time for fermentation. In this
study, the highest value of immobilization efficiency
demonstrated that the ratio between the concentration of
immobilized cells and free cells was at a optimum level
(Figure 2c).
Efficiency of immobilization shows a trend that
increases until 21 hour fermentation and later starts to
decline. Cells will make a contact with the carrier
during fermentation and generate a spontaneous
adhesion mechanism [10]. At this saturated condition,
cells then start to detach from the carrier. The absence
of a barrier between the cells and the solution thus
allows the release or relocation of cells from the carrier
[32].
The initial amount of sugar used in this study was 100
g/L. However, when the biocatalyst was transferred to
the production medium and analyzed, the amount of
Makara J. Technol.

Concentration of free
cell (mg/ml)
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0.3
0.2
0.1
0
0

3 6 9 12 15 18 21 24
Fermentation time (hours)
Biocatalyst 1.5 g
Biocatalyst 3 g
Biocatalyst 6 g
Biocatalyst 4.5 g
(a) Concentration of free cells

(b) Concentration of Immobilized Cells

(c) Efficiency of immobilization
Figure 2. Immobilization Parameters
on
Various
Biocatalysts a. Concentration of Free Cells
(mg/mL), b. Concentration of Immobilized
Cells (mg/mL), c. Efficiency of Immobilization
Process (%)

sugar varied among biocatalysts. The higher the use of
biocatalyst, the lower the concentration of the amount of
sugar. Thus, eventually the average amount of the sugar
became 63.30 ± 1.94 g/L. The control medium and
control biocatalyst were used in this study. Control
medium contains a medium with initial sugar 100 g/L
without biocatalyst, while control biocatalyst contains a
medium with initial sugar 100 g/L and a carrier without
yeast cells. From Figure 3, it can be seen that the initial
sugar of control of biocatalysts also decreased to around
63 g/L and remained constant until the end of
fermentation.
April 2016 | Vol. 20 | No. 2
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Decreasing in initial sugar level was due to the
absorption of some sugars into carrier. Escobar et al.
[10] found the carriers could absorb some of sugars in
the culture medium, reducing the amount of sugars
available to be converted into ethanol and therefore
decreasing the rate of fermentation. However, the
absorption of sugar into carrier could reach a saturation
point which no more absorption occurs and the
concentration of sugar in the medium remained stable.
Sugar uptake in the use of 1.5 g biocatalyst was
significantly high after 12 hour fermentation. By using
3, 4.5, and 6 g biocatalyst, sugar was consumed rapidly
after 9 hour fermentation (Figure 3). After 24 hour
fermentation, percentage of total sugars consumed in the
use of 1.5, 3, 4.5, and 6 g of biocatalyst were 78.65 ±
3.88, 88.98 ± 3.16, 99.56 ± 0.03, and 99.84 ± 0.03%,
respectively (Figure 4). The graph also shows that the
rate of sugar consumption with biocatalyst 4.5 g and 6 g
were higher and significantly different (ρ<0.05) from
the1.5 and 3 g of biocatalyst. However, the highest of
bioethanol concentration and bioethanol productivity
were obtained in the use of 3 g of biocatalyst i.e. 23.95
± 0.28 g/L, and 1.24 ± 0.01 g/L/hours, respectively
(Figure 5a & 5b). Although sugar consumption of 4.5 g
even 6 g biocatalys to occure more rapidly than 3 g
biocatalyst, however resulted in lower bioethanol
concentrations. This is due to the cells density in higher
biocatalyst were more numerous. When the cells density
was high, the sugar utilization as carbon sources would
also increase [33].

Figure 4. Percentage of Sugar Consumption on Various
Biocatalyst during Fermentation

(a)

In bioethanol fermentation, most of the sugar was
converted into ethanol and very little were used
toenhance the cell biomass. Therefore, the concentration

(b)
Figure 5. (a) Bioethanol Concentration and (b) Bioethanol
Productivity on Various Biocatalysts during
Fermentation

Figure 3. Sugar Consumption on Various Biocatalyst
during Fermentation

Makara J. Technol.

of sugar as a carbon sourcein a batch fermentation
system
would
decrease
during
fermentation.
Saccharomyces cerevisiae has the ability to switch the
metabolism system depending on the concentration of
carbon sources. If concentration of sugars as carbon
sources was low, S. cerevisiae would consume ethanol
available in fermentation medium. During the aerobic
type of cultivation on batch fermentation using glucose
as a carbon source, S. cerevisiae shows a biphasic
growth pattern. In the first phase, respiro-fermentative
April 2016 | Vol. 20 | No. 2
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phase, sugar was converted into ethanol. Then ethanol,
in the second phase, was consumed to produce carbon
dioxide and water [33]. Ethanol is very easy to be used
as carbon sources by the yeast therefore not through an
active transport mechanism. When ethanol was produced,
ethanol exit and enter the cell through passive transport
mechanism [34]. This means that no energy was
required for ethanol transport in and out of the cell so
that it is very efficient for the cell itself.
In this study about the use of immobilized cells in various
amounts of biocatalysts, based on the results obtained
from the testing parameter, the best fermentation
performance was through the use of 3 g of biocatalyst.
Biocatalyst 3 g would then be compared with the free
cells system in the batch fermentation. This biocatalyst
provided sufficient space for cells to immobilize
continuously during fermentation. In addition mass
transfer process, including substrate and product diffusion,
exit and enter the cells occurred in good condition. It
caused the production of bioethanol using 3 g of
biocatalyst to be higher than the other biocatalysts.
Biocatalyst 1.5 g gave the lowest result among other
biocatalysts. This was because the carrier did not
provide adequate space for the cells to immobilize along
cell growth. The carrier did not give maximum
protection for the cells against the environmental
condition during fermentation, thus resulting in a lower
concentration of total cells and bioethanol production.
Carriers not only act as protective agents against
extreme environmental conditions but also give nutrients
to the cells [15,35]
Biocatalyst 4.5 g and 6 g provided enough space for the
cells to immobilize during fermentation so that the
concentration of total cells was also high. However,
bioethanol production was the lowest among other
biocatalysts. The higher the use of biocatalyst, the more
difficult it was to mass transfer in the inside of carrier
and thus affecting the bioethanol production. This was
due to the substrate diffusion barrier between the cells
and the metabolites produced by cells which were also
trapped inside the carrier [12].
Comparison between immobilized cells system and
free cells system in ethanol fermentation performances.
As is shown in Figure 6a and 6b. bioethanol yield and
efficiency of sugar conversion were conducted based on
initial sugar concentration before and after addition of
biocatalyst i.e.100 and 63 g/L. In comparison with
immobilized cells system, bioethanol fermentation was
conducted using free cells system at the same initial
sugar concentration. Bioethanol yield on immobilized
cells system shows optimum value at 21 hours of
fermentation. Conversely, bioethanol yield on free cells
system has increased significantly in the 3 hours of
fermentation, but tends to be stable until the end of the
Makara J. Technol.

fermentation time. The efficiency of sugar conversion
was also known as the percentage ratio between the
yields of ethanol produced during fermentation to
bioethanol yield theoretical value (0.51 g/g) [8].
In the immobilized cells system, the maximum
bioethanol yield by initial sugar concentration of 63 g/L
was 0.42 ± 0.01 g/gor 82.99 ± 0.97% of the theoretical
yield. Meanwhile, by initial sugar concentration of 100
g/L, the maximum bioethanol yield was 0.26 ± 0.01
g/gor 50.71±0.59% of the theoretical value. In the free
cells system, the maximum bioethanol yield by initial
sugar concentration 63 g/L was 0.14 ± 0.01 g/gor 26.82
± 0.51% of the theoretical value. While based on initial
sugar concentration of 100 g/L, the maximum
bioethanol yield was 0.09 ± 0.01 g/gor 17.75±1.16% of
the theoretical yield. Bioethanol yield value by using
immobilized cells approximately was three times higher
compared to free cells system.
Several studies have also reported that the fermentation
conditions on the immobilized cells system were better
than the free cells system. Plessas et al. [13] reported

(a)

(b)
Figure 6. (a) Bioethanol Yield and (b) Efficiency of Sugar
Conversion on Immobilized Cells and Free
Cells System
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that the number of cells in the orange peel carrier was
three times higher than free cells. Bioethanol productivity
with immobilized cells on sorghum bagasse showed
2.24 times higher than free cells [9]. Bioethanol yield by
using immobilized cells on cellulose membrane was
obtained at 9.9% (v/v) for 90.2% total sugar consumed.
Meanwhile, bioethanol yield on free cells system was
only 8.0% (v/v) for 74.4% of total sugar consumed [36].
Bioethanol concentration with the immobilized cells
system in cellulose-alginate membrane was 92.1 g/L,
while the free cell was only 87.9 g/L [7].
In general, the immobilized cells system showed better
results for bioethanol fermentation. This was due to the
fact that the cell densities in the immobilization system
were higher than the free ones. In addition, the cells
were also more tolerant to substrate and product
(ethanol) in a higher concentration [36].
In this study, cell density also affects the bioethanol yield.
The concentration of total cells in the immobilized cells
system show a higher number in the last 9 hours of the
fermentation time. The maximum concentration of total
cells, obtained in the immobilized cells system, was
about 1.3 times higher than the concentration of cells in
a free cells system (Figure 7).

4. Conclusions
Sugar cane bagasse can be used as an alternative carrier
in the process of cell immobilization. The physical
characteristics of sugar cane bagasse were water
retention of 4.80 g/g, water absorption index of 8.58 g/g
and lignin content of 24.40%. The best immobilization
process bagasse was obtained in by 2.5 g of bagasse as a
carrier for 100 mg of cells in 50 mL of cells suspension.
The best percentage of biocatalyst (carrier-containing
cells) were used for bioethanol fermentation, namely
1% (w/v) or by 3 g to 300 mL of production medium.
The yield of ethanol using immobilized cells was three
times higher when compared to free cells. The
maximum concentration of total cells, obtained in the
immobilized cell system, was about 1.3 times higher
than the concentration of cells in a free cells system.
The use of the cell immobilization system on sugar cane
bagasse can improve the bioethanol production with the
increasing number of cells in the carrier. However,
modification of sugar cane bagasse as a carrier through
a pretreatment process needs to be further investigated,
as it may reveal the influence of changes in the physical
properties of sugar cane bagasse to cell adhesion as well
as bioethanol production.
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